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CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application is a continuation-in-part of 
Application No. 09/604,978, filed 28 June 2000, the entire 
contents of which are hereby incorporated herein by reference. 
Said Application No. 09/604,978 is a divisional of Application 
No. 09/138,112, filed 21 August 1998, now abandoned, which 
claims priority from United States Serial Number 60/056,453, 
filed August 21, 1997. 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0002] Identification of genes that are differentially 
expressed in hypoxia and use of the genes and gene products 
for diagnosis and therapeutic intervention. 
Description of Related Art 

[0003] The level of tissue oxygenation plays an important 
role in normal development as well as in pathologic processes 
such as ischemia. Tissue oxygenation plays a significant 
regulatory role in both apoptosis and in angiogenesis (Bouck 
et al, 1996; Bunn et al, 1996; Dor et al, 1997; Carmeliet et 
al, 1998) . Apoptosis (see Duke et al, 1996 for review) and 
growth arrest occur when cell growth and viability are reduced 
due to oxygen deprivation (hypoxia). Angiogenesis (i.e. blood 




vessel growth, vascularization) , is stimulated when 
hypooxygenated cells secrete factors that stimulate 
proliferation and migration of endothelial cells in an attempt 
to restore oxygen homeostasis (for review see Hanahan et al, 
5 1996) . 

[0004] Ischemic disease pathologies involve a decrease in 
the blood supply to a bodily organ, tissue or body part 
generally caused by constriction or obstruction of the blood 
Q vessels as for example retinopathy, acute renal failure, 

Us? 

tfl 10 myocardial infarction and stroke. Therefore apoptosis and 
W angiogenesis as induced by the ischemic condition are also 

•Sri?- 

m involved in these disease states. Neoangiogenesis is seen in 

Si 

"!?? some forms of retinopathy and in tumor growth. It is 

recognized that angiogenesis is necessary for tumor growth and 

Q 

fy 15 that retardation of angiogenesis would be a useful tool in 

controlling malignancy and retinopathies. Further, it would 
be useful to induce tumorigenic cells to undergo apoptosis 
(i.e., programmed cell death). 

[0005] However, these processes are complex cascades of 
20 events controlled by many different genes reacting to the 
various stresses such as hypoxia. Expression of different 
genes reacting to the hypoxic stress can trigger not only 
apoptosis or angiogenesis but also both. In cancer it has 
been observed that apoptosis- and angiogenesis-related genes 
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are therapeutic targets. However, hypoxia itself plays a 
critical role in the selection of mutations that contribute to 
more severe tumorigenic phenotypes (Graeber et al, 1996) . 
Therefore identifying candidate genes and gene products that 
can be utilized therapeutically not only in cancer and 
ischemia and that may either induce apoptosis or angiogenesis 
or to retard the processes is needed. It would be useful to 
identify genes that have direct causal relationships between a 
disease and its related pathologies and an up- or down- 
regulator (responder) gene. 

SUMMARY OF THE INVENTION 
[0006] According to the present invention, purified, 
isolated and cloned nucleic acid sequences encoding hypoxia- 
responding genes which have sequences as set forth in the 
group comprising SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID 
NO: 4 and SEQ ID NO: 5 or a complementary or allelic variation 
sequence thereof and human homologs as needed thereto. The 
present invention further provides proteins as encoded by the 
nucleic acid sequences as set forth in SEQ ID NO:l, SEQ ID 
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO : 5 and SEQ ID NO: 6 
with SEQ ID N0s:7-ll being exemplars of the proteins. The 
present invention further provides antibodies directed against 
the proteins as encoded by the nucleic acid sequences as set 



m 



forth in SEQ ID NO : 1 , SEQ ID NO : 2 , SEQ ID NO : 3 , SEQ ID NO:4, 
SEQ ID NO: 5 and SEQ ID NO: 6 including SEQ ID NOs:7-ll. 

[0007] The present invention further provides transgenic 
animals and cell lines carrying at least one of the 
5 expressible nucleic acid sequences as set forth in SEQ ID 

NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO : 5 and 
SEQ ID NO: 6. The present invention further provides knock-out 
eucaryotic organisms in which at least one of the nucleic acid 
h sequences as set forth in SEQ ID NO:l, SEQ ID NO: 2, SEQ ID 

5 10 NO: 3, SEQ ID NO: 4, SEQ ID NO : 5 and SEQ ID NO: 6 is knocked-out. 
W [0008] The present invention provides a method of 

W regulating angiogenesis in a patient in need of such treatment 

H by administering to a patient a therapeutically effective 

fp amount of an antagonist of at least one protein as encoded by 

fij 15 the nucleic acid sequences as set forth in SEQ ID NO: 2, SEQ ID 
NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO : 6 . 
Alternatively, the present invention provides a method of 
regulating angiogenesis in a patient in need of such treatment 
by administering to a patient a therapeutically effective 
20 amount of at least one antisense oligonucleotide against the 
nucleic acid sequences as set forth in SEQ ID NO: 2, SEQ ID 
NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6 or a dominant 
negative peptide directed against the sequences or their 
proteins . 
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[0009] The present invention further provides a method of 
regulating angiogenesis or apoptosis in a patient in need of 
such treatment by administering to a patient a therapeutically 
effective amount of a protein encoded by SEQ ID NOs:2-6 or the 
5 protein sequences as set forth in SEQ ID NOs : 7-8, 10-11 as 

active ingredients in a pharmaceutical^ acceptable carrier. 

[0010] The present invention provides a method of providing 
an apoptotic regulating gene by administering directly to a 
patient in need of such therapy, utilizing gene therapy, an 
10 expressible vector comprising expression control sequences 

operably linked to one of the sequences set forth in the group 
comprising SEQ ID NO: 2; SEQ ID NO : 3 ; SEQ ID NO: 4; SEQ ID NO: 5 
and SEQ ID NO: 6 (human homolog) . 

[0011] The present invention also provides a method of 
15 providing an angiogenesis-regulating gene utilizing gene 

therapy by administering directly to a patient in need of such 
therapy an expressible vector comprising expression control 
sequences operably linked to one of the sequences set forth in 
the group comprising SEQ ID NO: 2; SEQ ID NO: 3; SEQ ID NO: 4; 
20 SEQ ID NO: 5 and SEQ ID NO: 6. 

[0012] The present invention provides a method of 
regulating response to ischemic or hypoxic conditions in a 
patient in need of such treatment by administering to a 
patient a therapeutically effective amount of an antisense 
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oligonucleotide directed against at least one of the sequences 
set forth in the group comprising SEQ ID NO: 2; SEQ ID NO: 3; 
SEQ ID NO: 4; SEQ ID NO: 5; and SEQ ID NO: 6. The present 
invention further provides a method of providing an hypoxia 
5 regulating gene utilizing gene therapy by administering 

directly to a patient in need of such therapy an expressible 
vector comprising expression control sequences operably linked 
to one of the sequences set forth in the group comprising SEQ 

£ ID NO: 2; SEQ ID NO: 3; SEQ ID NO: 4; SEQ ID NO: 5 and SEQ ID 

p 10 NO: 6. 

W [0013] The present invention also provides a method of 

w diagnosing the presence of ischemia in a patient including the 

H steps of analyzing a bodily fluid or tissue sample from the 

X patient for the presence or gene product of at least one 

m 15 expressed gene (up-regulated) as set forth in the group 

comprising SEQ ID NO: 2; SEQ ID NO : 3 ; SEQ ID NO: 4; SEQ ID NO: 5; 
and SEQ ID NO: 6 and where ischemia is determined if the up- 
regulated gene or gene product is ascertained. 

20 DESCRIPTION OF THE DRAWINGS 

[0014] Other advantages of the present invention will be 
readily appreciated as the same becomes better understood by 
reference to the following detailed description when 
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considered in connection with the accompanying drawings 
wherein : 

[0015] Figure 1 is a computer scan showing in-vitro 
translation of full length cDNA clones of RTP801 (SEQ ID 
5 NO:l). cDNA clones were translated in-vitro using a coupled 
transcription translation kit (Promega) . Translation products 
were separated on acrylamide gel and exposed to X-ray film. 
Two clones, marked with arrows, gave the expected protein size 
p of approximately 30 KD. This confirms the sequence analysis 

€1 10 of the putative reading frame. 

W [0016] Figure 2 is a computer scan showing RTP801 (SEQ ID 

W N0:1) Northern blot analysis. RNA was extracted from Rat C6 

3 

H glioma cells which were exposed to hypoxia for 0, 4, or 16 

o 

fli hours. PolyA+ selected mRNA (2 \ig) from each sample were 

fU 15 separated on denaturing agarose gels, blotted onto Nytran 

membranes and hybridized with RTP241 probe. One band of 1.8 
Kb is observed showing a marked induction after hypoxia. 

[0017] Figure 3 is a computer scan showing RTP779 (SEQ ID 
NO: 2) Northern blot analysis. RNA was extracted from Rat C6 
20 glioma cells which were exposed to hypoxia for 0, 4, or 16 
hours. PolyA+ selected mRNA (2 ng) from each sample was 
separated on denaturing agarose gels, blotted onto Nytran 
membranes and hybridized with RTP779 probe. One band of 1.8 
Kb is observed showing extreme differential expression. 
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[0018] Figure 4 is a computer scan showing RTP241 (SEQ ID 
NO: 3) Northern blot analysis. RNA was extracted from Rat C6 
glioma cells which were exposed to hypoxia for 0, 4, or 16 
hours. PolyA+ selected mRNA (2 jig) from each sample were 
5 separated on denaturing agarose gels, blotted onto Nytran 

membranes and hybridized with RTP241 probe. Two bands of 1.8 
Kb and 4 Kb are observed; both show good differential 
expression. 

p [0019] Figure 5 is a computer scan showing RTP359 (SEQ ID 

tfl 10 NO: 5) Northern blot analysis. RNA was extracted from Rat C6 

N : 

W glioma cells which were exposed to hypoxia for 0, 4, or 16 

W hours. PolyA+ selected mRNA (2 pg) from each sample was 

H separated on denaturing agarose gels, blotted onto Nytran 

m membranes and hybridized with RTP359 probe. One band of 4.5 

£3 

•ffi 15 Kb is observed showing good differential expression. 

[0020] Figures 6A-D show the transcriptional regulation of 
RTP801 . 

[0021] Figure 6A is a Northern blot analysis of RTP801 
transcription in wild type mouse ES cells (ES+/+) and in HIF- 
20 la null mouse ES cells (ES-/-) cultured under normoxic (N) or 
hypoxic conditions (H) for 16 hours. 15 ]ig of total RNA were 
loaded per slot. 

[0022] Figure 6B shows the nucleotide sequences of 
immediate upstream genomic regions of mouse and human RTP801 



- 8 - 



orthologs. The initiation ATG codon is shown in bold and the 
position of T is counted as +1. The TATA box is gray-shaded. 
Putative hypoxia response elements (HRE) are shown with white 
letters in black boxes. A putative Egr-1 binding site is 
marked with a dashed line. 

[0023] Figure 6C presents electrophoretic mobility shift 
assays and supershift analysis of the mouse RTP801 promoter 
region. All the binding reactions except for those loaded in 
lanes 2, 4 and 5 were performed with nuclear extracts prepared 
from wild type ES cells cultured under hypoxic conditions for 
16 hours. The reaction mixture loaded in lane 2 contains 
nuclear extract prepared from wild type ES cells cultured in 
normoxia, whereas reaction mixtures loaded in lanes 4 and 5 
contain nuclear extracts from HIF-la -/- ES cells maintained 

3 2 

in normoxic and hypoxic conditions, respectively. Lane 1: P- 
TR-HRE oligonucleotide, lanes 2-5: 32 P-RTP8 0 1-HRE 
oligonucleotide, lane 6: 32 P-RTP8 01-HRE oligonucleotide and an 
excess of non-labeled RTP8 0 1-HRE oligonucleotide, lane 7: ^ 2 P- 
RTP8 0 1-HRE oligonucleotide and an excess of non-labeled TR-HRE 
oligonucleotide, lane 8: 32 P-RTP801-HRE oligonucleotide and 
anti-HIF-la antibodies, lane 9: 32 P-RTP8 01-HRE oligonucleotide 
and anti-Flag antibodies; lane 10: 32 P-RTP8 01-MHRE 
oligonucleotide . 
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[0024] Figure 6D is a Northern blot analysis demonstrating 
the p53-independence of hypoxic transactivation of RTP801. 
H1299 is a human lung carcinoma p53-negative cell line that 
was engineered to express the wild type p53 under the control 
5 of tetracycline-repressible promoter. The cells were cultured 
either in the absence (left panel) or in the presence (right 
panel) of tetracycline to induce (left) or to suppress (right) 
p53 expression, respectively. Both p53-positive and p53- 
S negative H1299 cells were maintained either in normal (N) or 

tfJ 10 in hypoxic conditions (H) or in the presence of doxorubicin 
W (D) . 15 pg of total RNA derived from each experiment were 

W analyzed by Northern blot using the probes for human RTP801 

H and for Wafl (as a positive control for p53-dependent 

01 transactivation) . 

pi 15 [0025] Figure 7 shows an assessment of cytotoxic effect of 

H 2 0 2 treatment and ischemic treatment in control and RTP8 01- 
expressing differentiated PC12-Tet-0ff cells. 1-parental 
PC12-Tet-Off clone; 2- PC12-vector (a clone of PC12-Tet-Off 
cells transfected with the empty pSHTet vector) . 3- PC801-10. 
20 [0026] Figure 8 shows the inhibition of RTP801-induced 

cytotoxicity in differentiated PC12-Tet-Off cells by Boc-D 
(OMe)-FMK caspase inhibitor. PC12 — Tet-Off clone; V- PC12- 
vector (a clone of PC12-Tet-Off cells transfected with the 
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empty pSHTet vector); 10- PC801-10. I- Boc-D ( OMe ) - FMK caspase 
inhibitor. 

[0027] Figure 9 shows the inducible expression of RTP801 
and sensitization of MCF7 and PC12 cells to serum deprivation. 
5 Left: 1- parental MCF7-Tet-Off clone; 2- MCF7-vector (a clone 
of MCF7-Tet-Off cells transfected with the empty pSH-Tet 
vector); 3- MCF801-8; 4- MCF7801-12. Right: 1- parental PC12- 
Tet-Off clone; 2- PC12-vector (a clone of PC12-Tet-Off cells 
h transfected with the empty pSH-Tet vector); 3- PC801-10. 

iO io [0028] Figure 10 relates to the liposomal delivery of 

W RTP801 cDNA into mouse lungs. Figure 10 shows a Northern blot 

Ul analysis of RNA (15 pg per lane) extracted from lungs of mice 

Jrj injected with liposomes containing either pcDNA3 DNA (lanes 1- 

m 3) or pcDNA3-RTP8 01 (lanes 4-5) . Position of the RTP801- 

ffj 15 specific band is indicated. 

[0029] Figure 11 is a Northern blot analysis of RNA 
extracted from cortex of RTP801 transgenic mice using SV40 
transgene-specific probe. 11- RTP801 higher expresser 
transgenic line; 1- RTP801 lower expresser transgenic line. 
20 [0030] Figure 12 is an analysis of damage volume 

distribution in consecutive slices in five 801-11 transgenic 
mice in comparison with damage volume distribution in five 
wild type littermates. 
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[0031] Figure 13 is a Western blot analysis, using RTP801 
polyclonal antibody to detect the expression of the 801 gene 
under various conditions that induce oxidative stress in PC12 
cells, N - normoxia; 1-4 - Ischemia for 4 hours; 1-24 - 
Ischemia for 24 hours; H-4 - H 2 0 2 for 4 hours; D-8 - DFO for 8 
hours; D-5 - DFO for 5 hours; 10-T - Tet induced clone grown 
in the absence of tetracycline; 10+T - Tet induced clone grown 
in the presence of tetracycline; 293 - HEK293 cells 
transiently transfected with RTP801 expression plasmid. 

DETAILED DESCRIPTION OF THE INVENTION 
[0032] The present invention identifies candidate genes and 
gene products that can be utilized therapeutically and 
diagnostically in hypoxia and ischemia and that may regulate 
apoptosis or angiogenesis . By regulate or modulate or control 
is meant that the process is either induced or inhibited to 
the degree necessary to effect a change in the process and the 
associated disease state in the patient. Whether induction or 
inhibition is being contemplated will be apparent from the 
process and disease being treated and will be known to those 
skilled in the medical arts. The present invention identifies 
genes for gene therapy, diagnostics and therapeutics that have 
direct causal relationships between a disease and its related 
pathologies and up- or down-regulator (responder) genes. That 
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is, the present invention is initiated by a physiological 

relationship between cause and effect. 

[0034] The present invention provides purified, isolated 

and cloned nucleic acid polynucleotides (sequences) encoding 
5 genes which respond at least to hypoxic conditions by up- 

regulation of expression and which have sequences as set forth 

in the group comprising SEQ ID NO:l, SEQ ID NO: 2, SEQ ID NO : 3 , 

SEQ ID NO: 4 and SEQ ID NO : 5 and their analogues and 
□ polymorphisms or a complementary or allelic variation sequence 

)Q 10 thereto. The present invention further provides SEQ ID NO: 6 
ff s which is a known gene (neuroleukin) which also responds to the 

stress of hypoxia by being up-regulated. SEQ ID NO: 6 is the 
rn human sequence for neuroleukin and has over 90% homology with 

V::? 

Qi the rat sequence. The human homolog is used where 

fl| 15 appropriate. Because of the high homology between the rat and 
human sequences the rat sequence can also be used for probes 
and the like as necessary. 

[0035] The present invention further provides proteins and 
their analogues as encoded by the nucleic acid sequences as 
20 set forth in SEQ ID NO:l, SEQ ID NO:2, SEQ ID NO:3, SEQ ID 
NO: 4, SEQ ID NO : 5 with SEQ ID NOs : 7 and 8 as well as SEQ ID 
NOs:9-ll being exemplars of the proteins. The present 
invention further provides a method of regulating angiogenesis 
or apoptosis in a patient in need of such treatment by 
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administering to a patient a therapeutically effective amount 
of a protein encoded by SEQ ID NOs:2-6 or the protein 
sequences as set forth in SEQ ID-8, 10-11 as active ingredients 
in a pharmaceutically acceptable carrier. 
5 [0036] The proteins may be produced recombinantly (see 

generally Marshak et al, 1996) and analogues may be due to 
post-translational processing. The term "analogue" as used 
herein is defined as a nucleic acid sequence or protein which 
O has some differences in its amino acid/nucleotide sequences as 

y*J io compared to the native sequence of SEQ ID NOs:l-8. 
■J^J Ordinarily, the analogue will be generally at least 70% 

homologous over any portion that is functionally relevant. In 
hj more preferred embodiments the homology will be at least 80% 

ffl and can approach 95% homology to the protein/nucleotide 

KSS3; 

fU 15 sequence. 

[0037] The amino acid or nucleotide sequence of an analogue 
may differ from that of the primary sequence when at least one 
residue is deleted, inserted or substituted, but the protein 
or nucleic acid molecule remains functional. Differences in 
20 glycosylation can provide protein analogues. 

[0038] Functionally relevant refers to the biological 
property of the molecule and in this context means an in vivo 
effector or antigenic function or activity that is directly or 
indirectly performed by a naturally occurring protein or 
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nucleic acid molecule. Effector functions include, but are 
not limited to, receptor binding, any enzymatic activity or 
enzyme modulatory activity, any carrier binding activity, any 
hormonal activity, any activity in promoting or inhibiting 
5 adhesion of cells to extracellular matrix or cell surface 
molecules, or any structural role as well as having the 
nucleic acid sequence encode functional protein and be 
expressible. The antigenic functions essentially mean the 

O possession of an epitope or antigenic site that is capable of 

O 

Jf 10 cross-reacting with antibodies raised against a naturally 

5 J 

J75 occurring protein. Biologically active analogues share an 

7' effector function of the native which may, but need not, in 

4y addition possess an antigenic function. 

Ill [0039] The present invention further provides antibodies 

fU 15 directed against the proteins as encoded by the nucleic acid 
sequences as set forth in SEQ ID N0:1, SEQ ID NO: 2, SEQ ID 
NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6 which can be 
used in immunoassays and the like. 

[0040] The antibodies may be monoclonal, polyclonal or 
20 recombinant. Conveniently, the antibodies may be prepared 
against the immunogen or portion thereof, for example, a 
synthetic peptide based on the sequence, or prepared 
recombinantly by cloning techniques or the natural gene 
product and/or portions thereof may be isolated and used as 
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the immunogen. Immunogeris can be used to produce antibodies 
by standard antibody production technology well known to those 
skilled in the art as described generally in Harlow and Lane 
(1988) and Borrebaeck (1992) . Antibody fragments may also be 
5 prepared from the antibodies and "include Fab, F(ab T ) 2 , and Fv 
by methods known to those skilled in the art. 

[0041] For producing polyclonal antibodies a host, such as 
a rabbit or goat, is immunized with the immunogen or immunogen 
fragment, generally with an adjuvant and, if necessary, 
10 coupled to a carrier; antibodies to the immunogen are 

collected from the sera. Further, the polyclonal antibody can 
be absorbed such that it is monospecific. That is, the sera 
can be absorbed against related immunogens so that no cross- 

01 reactive antibodies remain in the sera rendering it 

Q 

!y 15 monospecific. 

[0042] For producing monoclonal antibodies the technique 
involves hyperimmunization of an appropriate donor with the 
immunogen, generally a mouse, and isolation of splenic 
antibody producing cells. These cells are fused to a cell 
20 having immortality, such as a myeloma cell, to provide a fused 
cell hybrid that has immortality and secretes the required 
antibody. The cells are then cultured in bulk and the 
monoclonal antibodies harvested from the culture media for 
use . 



\ - \ 
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[0043] For producing recombinant antibody (see generally 
Huston et al, 1991; Johnson and Bird, 1991; Mernaugh and 
Mernaugh, 1995) , messenger RNAs from antibody producing B- 
lymphocytes of animals, or hybridoma are reverse-transcribed 
5 to obtain complementary DNAs (cDNAs) . Antibody cDNA, which 
can be full or partial length, is amplified and cloned into a 
phage or a plasmid. The cDNA can be a partial length of heavy 
and light chain cDNA, separated or connected by a linker. The 
antibody, or antibody fragment, is expressed using a suitable 
10 expression system to obtain recombinant antibody. Antibody 
cDNA can also be obtained by screening pertinent expression 
libraries . 

[0044] The antibody can be bound to a solid support 
substrate or conjugated with a detectable moiety or be both 



fU 15 bound and conjugated as is well known in the art. (For a 

general discussion of conjugation of fluorescent or enzymatic 
moieties see Johnstone et al (1982).) The binding of 
antibodies to a solid support substrate is also well known in 
the art (see for a general discussion Harlow & Lane, 1988 and 
20 Borrebaeck, 1992) . The detectable moieties contemplated with 
the present invention can include, but are not limited to, 
fluorescent, metallic, enzymatic and radioactive markers such 
as biotin, gold, ferritin, alkaline phosphatase, p- 
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galactosidase, peroxidase, urease, fluorescein, rhodamine, 
tritium, 14 C and iodination. 

[0045] The present invention further provides transgenic 
animals and cell lines carrying at least one expressible 
nucleic acid sequence as set forth in SEQ ID NO:l, SEQ ID 
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO : 5 and SEQ ID NO: 6. 
By expressible is meant the inclusion with the sequence of all 
regulatory elements necessary for the expression of the gene 
or by the placing of the gene in the target genome so that it 
is expressed. The present invention further provides knock- 
out eucaryotic organisms in which at least one nucleic acid 
sequence as set forth in SEQ ID NO:l, SEQ ID NO: 2, SEQ ID 
NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO : 6 is knocked-out. 

[0046] These transgenics and knock-outs are constructed 
using standard methods known in the art and as set forth in 
United States Patents 5,487,992, 5,464,764, 5,387,742, 
5,360,735, 5,347,075, 5,298,422, 5,288,846, 5,221,778, 
5,175,385, 5,175,384,5,175,383, 4,736,866 as well as Burke and 
Olson (1991), Capecchi (1989), Davies et al (1992), Dickinson 
et al (1993), Duff and Lincoln (1995), Huxley et al (1991), 
Jakobovits et al (1993), Lamb et al (1993), Pearson and Choi 
(1993), Rothstein (1991), Schedl et al (1993), Strauss et al 
(1993) . Further, patent applications WO 94/23049, WO 
93/14200, WO 94/06908, WO 94/28123 also provide information. 



[0047] More specifically, any techniques known in the art 
may be used to introduce the transgene expressibly into 
animals to produce the parental lines of animals. Such 
techniques include, but are not limited to, pronuclear 
5 microinjection (U.S. patent 4,873,191); retrovirus mediated 
gene transfer into germ lines (Van der Putten et al, 1985) ; 
gene targeting in embryonic stem cells (Thompson et al, 1989; 
Mansour, 1990 and U.S. patent 5,614,396); electroporation of 

p.i: 

O embryos (Lo, 1983) ; and sperm-mediated gene transfer 

fj 10 (Lavitrano et al, 1989) . For a review of such techniques see 

Jj Gordon (1989) . 

^ [0048] Further one parent strain, instead of carrying a 

(rj direct human transgene, may have the homologous endogenous 

Si gene modified by gene targeting such that it approximates the 

fli 15 transgene. That is, the endogenous gene has been "humanized" 
and/or mutated (Reaume et al, 1996) . It should be noted that, 
if the animal and human sequence are essentially homologous, a 
"humanized" gene is not required. The transgenic parent can 
also carry an overexpressed sequence, either the non-mutant or 
20 a mutant sequence and humanized or not as required. The term 
transgene is therefore used to refer to all these 
possibilities . 

[0049] Additionally, cells can be isolated from the 
offspring which carry a transgene from each transgenic parent 
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and that are used to establish primary cell cultures or cell 
lines as is known in the art. 

[0049] Where appropriate, a parent strain will be 
homozygous for the transgene. Additionally, where 
5 appropriate, the endogenous non-transgene in the genome that 
is homologous to the transgene will be non-expressive. By 
non-expressive is meant that the endogenous gene will not be 
expressed and that this non-expression is heritable in the 
offspring. For example, the endogenous homologous gene could 
; y 10 be "knocked-out" by methods known in the art. Alternatively, 
ffi the parental strain that receives one of the transgenes could 

1" carry a mutation at the endogenous homologous gene rendering 

I; I it non-expressed. 

01 [0050] The present invention provides a method of 

fU 15 regulating angiogenesis in a patient in need of such treatment 
by administering to a patient a therapeutically effective 
amount of an antagonist of at least one protein as encoded by 
the nucleic acid sequences as set forth in SEQ ID NO:l, SEQ ID 
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5 and SEQ ID NO: 6. 
20 The antagonist is dosed and delivered in a pharmaceutically 
acceptable carrier as described hereinbelow. The term 
antagonist or antagonizing is used in its broadest sense. 
Antagonism can include any mechanism or treatment that results 
in inhibition, inactivation, blocking or reduction in gene 
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activity or gene product. It should be noted that the 
inhibition of a gene or gene product may provide for an 
increase in a corresponding function that the gene or gene 
product was regulating. The antagonizing step can include 
5 blocking cellular receptors for the gene products of SEQ ID 
N0s:l-6 and can include antisense treatment as discussed 
hereinbelow. 

[0051] The present invention further provides a method of 
y regulating angiogenesis or apoptosis in a patient in need of 

f: 5 10 such treatment by administering to a patient a therapeutically 
|V} effective amount of a regulating agent for a protein selected 

£ from the group consisting of SEQ ID N0s:7-ll in a 

yj pharmaceutically acceptable carrier. The regulating agent is 

01 dosed and delivered in a pharmaceutically acceptable carrier 

* y 15. as described hereinbelow. For example, a patient may be in 
need of inducing apoptosis in tumorigenic cells or 
angiogenesis in trauma situations where for example a limb 
must be reattached or in a transplant where revascularization 
is needed. 

20 [0052] The present invention provides a method of 

regulating angiogenesis or apoptosis in a patient in need of 
such treatment by administering to a patient a therapeutically 
effective amount of at least one antisense oligonucleotide or 
dominant negative peptide (either as cDNA or peptide; 
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Herskowitz, 1987) directed against the nucleic acid sequences 
as set forth in SEQ ID N0:1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID 
NO: 4 r SEQ ID NO: 5 and SEQ ID NO: 6. The present invention also 
provides a method of regulating response to hypoxic conditions 
in a patient in need of such treatment by administering to a 
patient a therapeutically effective amount of an antisense 
oligonucleotide directed against at least one of the sequences 
set forth in the group comprising SEQ ID N0:1; SEQ ID NO: 2; 
SEQ ID NO: 3; SEQ ID NO: 4; SEQ ID NO: 5; and SEQ ID NO: 6. The 



■Ji 

10 antisense oligonucleotide as the active ingredient in a 

Ly 

yj pharmaceutical composition is dosed and delivered in a 

i - : 

s pharmaceutical^ acceptable carrier as discussed hereinbelow. 

O 

U| [0054] Preferably, the present invention discloses a 

yj method for the treatment of a subject in need of treatment for 

*W 15 hypoxia or ischemia-related disease (such as stroke) 

comprising administering to said subject a therapeutically 
effective amount of an antagonist of a protein having a 
sequence as set forth in SEQ ID NO: 10, or an analogue thereof. 
[0055] The present invention also discloses the use of an 
20 antagonist of a protein having a sequence as set forth in SEQ 
ID NO: 10, or an analogue thereof, in the treatment of a 
subject in need of treatment for hypoxia or ischemia-related 
disease (such as stroke) in an amount sufficient to effect an 
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inhibition or inactivation of the protein so as to thereby 
treat the subject. 

[0056] Many reviews have covered the main aspects of 
antisense (AS) technology and its enormous therapeutic 
5 potential (Wright and Anazodo, 1995) . There are reviews on 
the chemical (Crooke, 1995; Uhlmann et al, 1990), cellular 
(Wagner, 1994) and therapeutic (Hanania, et al, 1995; Scanlon, 
et al, 1995; Gewirtz, 1993) aspects of this rapidly developing 
technology. Within a relatively short time, ample information 

10 has accumulated about the in vitro use of AS nucleotide 

sequences in cultured primary cells and cell lines as well as 
for in vivo administration of such nucleotide sequences for 
suppressing specific processes and changing body functions in 
a transient manner. Further, enough experience is now 

15 available in vitro and in vivo in animal models and human 
clinical trials to predict human efficacy. 

[0057] Antisense intervention in the expression of specific 
genes can be achieved by the use of synthetic AS 
oligonucleotide sequences (for recent reports see Lefebvre- 

20 d T Hellencourt et al, 1995; Agrawal, 1996; Lev-Lehman et al, 

1997) . AS oligonucleotide sequences may be short sequences of 
DNA, typically 15-30 mer but may be as small as 7 mer (Wagner 
et al, 1996) , designed to complement a target mRNA of interest 
and form an RNA : AS duplex. This duplex formation can prevent 



- 23 - 




processing, splicing, transport or translation of the relevant 
mRNA. Moreover, certain AS nucleotide sequences can elicit 
cellular RNase H activity when hybridized with their target 
mRNA, resulting in mRNA degradation (Calabretta et al, 1996) . 
5 In that case, RNase H will cleave the RNA component of the 

duplex and can potentially release the AS to further hybridize 
with additional molecules of the target RNA. An additional 
mode of action results from the interaction of AS with genomic 
DNA to form a triple helix that may be transcriptionally 

10 inactive. 

[0058] The sequence target segment for the antisense 
oligonucleotide is selected such that the sequence exhibits 
suitable energy-related characteristics important for 
oligonucleotide duplex formation with their complementary 

15 templates, and shows a low potential for self-dimerization or 
self-complementation (Anazodo et al, 1996) . For example, the 
computer program OLIGO (Primer Analysis Software, Version 
3.4), can be used to determine antisense sequence melting 
temperature, free energy properties, and to estimate potential 

20 self-dimer formation and self -complementary properties. The 
program allows the determination of a qualitative estimation 
of these two parameters (potential self-dimer formation and 
self-complementary) and provides an indication of "no 
potential" or "some potential" or "essentially complete 



- 24 - 




potential"* Using this program target segments are generally 
selected that have estimates of no potential in these 
parameters. However, segments can be used that have "some 
potential" in one of the categories. A balance of the 
5 parameters is used in the selection as is known in the art. 
Further, the oligonucleotides are also selected as needed so 
that analogue substitution does not substantially affect 
function . 

[0059] Phosphorothioate antisense oligonucleotides do not 
10 normally show significant toxicity at concentrations that are 
effective and exhibit sufficient pharmacodynamic half-lives in 
animals (Agrawal et al, 1996) and are nuclease resistant. 
Antisense induced loss-of -function phenotypes related with 
cellular development were shown for the glial fibrillary 
15 acidic protein (GFAP) , for the establishment of tectal plate 
formation in chick (Galileo et al, 1991) and for the N-myc 
protein, responsible for the maintenance of cellular 
heterogeneity in neuroectodermal cultures (epithelial vs. 
neuroblastic cells, which differ in their colony forming 
20 abilities, tumorigenicity and adherence) (Rosolen et al, 1990; 
Whitesell et al, 1991) . Antisense oligonucleotide inhibition 
of basic fibroblast growth factor (bFgF) , having mitogenic and 
angiogenic properties, suppressed 80% of growth in glioma 
cells (Morrison, 1991) in a saturable and specific manner. 
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Being hydrophobic, antisense oligonucleotides interact well 
with phospholipid membranes (Akhter et al, 1991) . Following 
their interaction with the cellular plasma membrane, they are 
actively (or passively) transported into living cells (Loke et 
5 al, 1989), in a saturable mechanism predicted to involve 
specific receptors (Yakubov et al, 1989) . 

[0059] Instead of an antisense sequence as discussed 
hereinabove, ribozymes may be utilized. This is particularly 
necessary in cases where antisense therapy is limited by 

10 stoichiometric considerations (Sarver et al, 1990) . Ribozymes 
can then be used that will target the same sequence. 
Ribozymes are RNA molecules that possess RNA catalytic ability 
(see Cech for review) that cleave a specific site in a target 
RNA. The number of RNA molecules that are cleaved by a 

15 ribozyme is greater than the number predicted by 

stoichiochemistry . (Hampel and Tritz, 1989; Uhlenbeck, 1987) . 

[0060] Ribozymes catalyze the phosphodiester bond cleavage 
of RNA. Several ribozyme structural families have been 
identified including Group I introns, RNase P, the hepatitis 

20 delta virus ribozyme, hammerhead ribozymes and the hairpin 
ribozyme originally derived from the negative strand of the 
tobacco ringspot virus satellite RNA (sTRSV) (Sullivan, 1994; 
U.S. Patent No. 5,225,347, columns 4-5). The latter two 
families are derived from viroids and virusoids, in which the 
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ribozyme is believed to separate monomers from oligomers 
created during rolling circle replication (Symons, 1989 and 
1992) . Hammerhead and hairpin ribozyme motifs are most 
commonly adapted for trans-cleavage of mRNAs for gene therapy 
5 (Sullivan, 1994) . The ribozyme type utilized in the present 
invention is selected as is known in the art. Hairpin 
ribozymes are now in clinical trial and are the preferred 
type. In general the ribozyme is from 30-100 nucleotides in 
length. 

10 [0062] Modifications or analogues of nucleotides can be 

introduced to improve the therapeutic properties of the 
nucleotides. Improved properties include increased nuclease 
resistance and/or increased ability to permeate cell 
membranes . 

15 [0063] Nuclease resistance, where needed, is provided by 

any method known in the art that does not interfere with 
biological activity of the antisense oligodeoxy-nucleotides, 
cDNA and/or ribozymes as needed for the method of use and 
delivery (Iyer et al, 1990; Eckstein, 1985; Spitzer and 

20 Eckstein, 1988; Woolf et al, 1990; Shaw et al, 1991) . 

Modifications that can be made to oligonucleotides in order to 
enhance nuclease resistance include modifying the phosphorous 
or oxygen heteroatom in the phosphate backbone. These include 
preparing methyl phosphonates, phosphorothioates , 
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phosphorodithioates and morpholino oligomers. In one 
embodiment it is provided by having phosphorothioate bonds 
linking between the four to six 3' -terminus nucleotide bases. 
Alternatively, phosphorothioate bonds link all the nucleotide 
5 bases. Other modifications known in the art may be used where 
the biological activity is retained, but the stability to 
nucleases is substantially increased. 

[0064] The present invention also includes all analogues 
y of, or modifications to, an oligonucleotide of the invention 

£j 10 that does not substantially affect the function of the 
fVj oligonucleotide. The nucleotides can be selected from 

s naturally occurring or synthetic modified bases. Naturally 

kj occurring bases include adenine, guanine, cytosine, thymine 

01 and uracil. Modified bases of the oligonucleotides include 

^ 15 xanthine, hypoxanthine, 2-aminoadenine, 6 -methyl, 2-propyl and 
other alkyl adenines, 5-halo uracil, 5-halo cytosine, 6-aza 
cytosine and 6-aza thymine, pseudo uracil, 4-thiouracil , 8- 
halo adenine, 8-aminoadenine, 8-thiol adenine, 8-thioalkyl 
adenines, 8-hydroxyl adenine and other 8-substituted adenines, 
20 8-halo guanines, 8-amino guanine, 8-thiol guanine, 8-thioalkyl 
guanines, 8-hydroxyl guanine and other substituted guanines, 
other aza and deaza adenines, other aza and deaza guanines, 5- 
trif luoromethyl uracil and 5-trifluoro cytosine. 
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[0065] In addition, analogues of nucleotides can be 
prepared wherein the structure of the nucleotide is 
fundamentally altered and that are better suited as 
therapeutic or experimental reagents. An example of a 
5 nucleotide analogue is a peptide nucleic acid (PNA) wherein 

the deoxyribose (or ribose) phosphate backbone in DNA (or RNA) 
is replaced with a polyamide backbone, which is similar to 
that found in peptides. PNA analogues have been shown to be 
resistant to degradation by enzymes and to have extended lives 

10 in -vivo and in vitro. Further, PNAs have been shown to bind 
more strongly to a complementary DNA sequence than a DNA 
molecule. This observation is attributed to the lack of 
charge repulsion between the PNA strand and the DNA strand. 
Other modifications that can be made to oligonucleotides 

15 include polymer backbones, cyclic backbones, or acyclic 
backbones . 

[0066] The active ingredients of the pharmaceutical 
composition can include oligonucleotides that are nuclease 
resistant needed for the practice of the invention or a 
20 fragment thereof shown to have the same effect targeted 
against the appropriate sequence (s) and/or ribozymes. 
Combinations of active ingredients as disclosed in the present 
invention can be used including combinations of antisense 
sequences . 
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[0066] The antisense oligonucleotides (and/or ribozymes) 
and cDNA of the present invention can be synthesized by any 
method known in the art for ribonucleic or deoxyribonucleic 
nucleotides. For example, an Applied Biosystems 380B DNA 
5 synthesizer can be used. When fragments are used, two or more 
such sequences can be synthesized and linked together for use 
in the present invention. 

[0067] The nucleotide sequences of the present invention 

[0068] can be delivered either directly or with viral or 
10 non-viral vectors. When delivered directly the sequences are 
generally rendered nuclease resistant. Alternatively the 
sequences can be incorporated into expression cassettes or 
constructs such that the sequence is expressed in the cell as 
discussed hereinbelow. Generally the construct contains the 
15 proper regulatory sequence or promoter to allow the sequence 
to be expressed in the targeted cell. 

[0069] Negative dominant peptide refers to a partial cDNA 
sequence that encodes for a part of a protein, i.e., a peptide 
(see Herskowitz, 1987) . This peptide can have a different 
20 function from the protein from which it was derived. It can 
interact with the full protein and inhibit its activity or it 
can interact with other proteins and inhibit their activity in 
response to the full protein. Negative dominant means that 
the peptide is able to overcome the natural proteins and fully 
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inhibit their activity to give the cell different 
characteristics like resistance or sensitization to killing. 
For therapeutic intervention either the peptide itself is 
delivered as the active ingredient of a pharmaceutical 
5 composition or the cDNA can be delivered to the cell utilizing 
the same methods as for antisense delivery* 

[0071] The present invention provides a method of providing 
an apoptotic regulating gene, an angiogenesis regulating gene 
y or a hypoxia regulating gene by administering directly to a 

J*f 10 patient in need of such therapy utilizing gene therapy an 
jVj expressible vector comprising expression control sequences 

operably linked to one of the sequences set forth in the group 
comprising SEQ ID NO:l; SEQ ID NO: 2; SEQ ID NO: 3; SEQ ID NO: 4; 
SEQ ID NO: 5/ and SEQ ID NO: 6. 
15 [0072] Gene therapy as used herein refers to the transfer 

of genetic material (e.g., DNA or RNA) of interest into a host 
to treat or prevent a genetic or acquired disease or condition 
phenotype. The genetic material of interest encodes a product 
(e.g., a protein, polypeptide, peptide, functional RNA, 
20 antisense) whose production in vivo is desired. For example, 
the genetic material of interest can encode a hormone, 
receptor, enzyme, polypeptide or peptide of therapeutic value. 
Alternatively, the genetic material of interest encodes a 
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suicide gene. For a review see, in general, the text "Gene 
Therapy" (August et al, 1997) . 

[0073] Two basic approaches to gene therapy have evolved: 
(1) ex vivo and (2) in vivo gene therapy. In ex vivo gene 
5 therapy cells are removed from a patient, and while being 
cultured are treated in vitro. Generally, a functional 
replacement gene is introduced into the cell via an 
appropriate gene delivery vehicle/method (transf ection, 
transduction, homologous recombination, etc.) and an 

10 expression system as needed and then the modified cells are 
expanded in culture and returned to the host/patient. These 
genetically re-implanted cells have been shown to express the 
transfected genetic material in situ. 

[0074] In in vivo gene therapy, target cells are not 

15 removed from the subject. Rather, the genetic materialto be 
transferred is introduced into the cells of the recipient 
organism in situ, that is, within the recipient. In an 
alternative embodiment, if the host gene is defective, the 
gene is repaired in situ (Culver, 1998) . These genetically 

20 altered cells have been shown to express the transfected 
genetic material in situ. 

[0075] The gene expression vehicle is capable of 
delivery/transfer of heterologous nucleic acid into a host 
cell. The expression vehicle may include elements to control 
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targeting, expression and transcription of the nucleic acid in 
a cell selective manner as is known in the art. It should be 
noted that often the 5 T UTR and/or 3' UTR of the gene may be 
replaced by the 5 T UTR and/or 3 1 UTR of the expression vehicle. 
5 Therefore as used herein the expression vehicle may, as 

needed, not include the 5 ! UTR and/or 3 ! UTR of the actual gene 
to be transferred and only include the specific amino acid 
coding region. 

[0075] The expression vehicle can include a promoter for 
10 controlling transcription of the heterologous material and can 
be either a constitutive or inducible promoter to allow 
selective transcription. Enhancers that may be required to 
kj obtain necessary transcription levels can optionally be 

01 included. An enhancer is generally any non-translated DNA 

15 sequence that works contiguously with the coding sequence (in 
cis) to change the basal transcription level dictated by the 
promoter. The expression vehicle can also include a selection 
gene as described hereinbelow. 

[0076] Vectors can be introduced into cells or tissues by 
20 any one of a variety of known methods within the art. Such 
methods can be found generally described in Sambrook et al, 
(1989, 1992), Ausubel et al, (1989), Chang et al, (1995), Vega 
et al, (1995), Vectors: A Survey of Molecular Cloning Vectors 
and Their Uses, Butterworths, Boston MA (1988) and Gilboa et 
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al (1986) and include, for example, stable or transient 
transf ection, lipofection, electroporation and infection with 
recombinant viral vectors. In addition, see United States 
patent 4,8 66,042 for vectors involving the central nervous 
5 system and also United States patents 5,464,764 and 5,487,992 
for positive-negative selection methods. 

[0078] Introduction of nucleic acids by infection offers 
several advantages over the other listed methods. Higher 
J:j efficiency can be obtained due to their infectious nature. 

10 Moreover, viruses are very specialized and typically infect 
and propagate in specific cell types. Thus, their natural 
specificity can be used to target the vectors to specific cell 
types in vivo or within a tissue or mixed culture of cells. 
Viral vectors can also be modified with specific receptors or 
15 ligands to alter target specificity through receptor mediated 
events . 

[0079] A specific example of DNA viral vector for 
introducing and expressing recombinant sequences is the 
adenovirus-derived vector Adenop53TK. This vector expresses a 
20 herpes virus thymidine kinase (TK) gene for either positive or 
negative selection and an expression cassette for desired 
recombinant sequences. This vector can be used to infect 
cells that have an adenovirus receptor that includes most 
cancers of epithelial origin as well as others. This vector 
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as well as others that exhibit similar desired functions can 
be used to treat a mixed population of cells and can include, 
for example, an in vitro or ex vivo culture of cells, a tissue 
or a human subject. 
5 [0080] Additional features can be added to the vector to 

ensure its safety and/or enhance its therapeutic efficacy. 
Such features include, for example, markers that can be used 
to negatively select against cells infected with the 
recombinant virus. An example of such a negative selection 

10 marker is the TK gene described above that confers sensitivity 
to the antibiotic ganciclovir. Negative selection is 
therefore a means by which infection can be controlled because 
it provides inducible suicide through the addition of 
antibiotic. Such protection ensures that if, for example, 

15 mutations arise that produce altered forms of the viral vector 
or recombinant sequence, cellular transformation will not 
occur . 

[0081] Features that limit expression to particular cell 
types can also be included. Such features include, for 
20 example, promoter and regulatory elements that are specific 
for the desired cell type. 

[0082] In addition, recombinant viral vectors are useful 
for in vivo expression of a desired nucleic acid because they 
offer advantages such as lateral infection and targeting 



35 - 



specificity. Lateral infection is inherent in the life cycle 
of, for example, retrovirus and is the process by which a 
single infected cell produces many progeny virions that bud 
off and infect neighboring cells. The result is that a large 
5 area becomes rapidly infected, most of which was not initially 
infected by the original viral particles. This is in contrast 
to vertical-type of infection in which the infectious agent 
spreads only through daughter progeny. Viral vectors can also 
be produced that are unable to spread laterally. This 

10 characteristic can be useful if the desired purpose is to 
introduce a specified gene into only a localized number of 
targeted cells. 

[0083] As described above, viruses are very specialized 
infectious agents that have evolved, in many cases, to elude 

15 host defense mechanisms. Typically, viruses infect and 

propagate in specific cell types. The targeting specificity 
of viral vectors utilizes its natural specificity to 
specifically target predetermined cell types and thereby 
introduce a recombinant gene into the infected cell. The 

20 vector to be used in the methods of the invention will depend 
on desired cell type to be targeted and will be known to those 
skilled in the art. For example, if breast cancer is to be 
treated then a vector specific for such epithelial cells would 
be used. Likewise, if diseases or pathological conditions of 
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the hematopoietic system are to be treated, then a viral 
vector that is specific for blood cells and their precursors, 
preferably for the specific type of hematopoietic cell, would 
be used. 

5 [0084] Retroviral vectors can be constructed to function 

either as infectious particles or to undergo only a single 
initial round of infection. In the former case, the genome of 
the virus is modified so that it maintains all the necessary 
y genes, regulatory sequences and packaging signals to 

£7 10 synthesize new viral proteins and RNA. Once these molecules 
??1 are synthesized, the host cell packages the RNA into new viral 

Whs? 

w 

3 particles that are capable of undergoing further rounds of 

|jj infection. The vector's genome is also engineered to encode 

EH and express the desired recombinant gene. In the case of non- 

W 15 infectious viral vectors, the vector genome is usually mutated 
to destroy the viral packaging signal that is required to 
encapsulate the RNA into viral particles. Without such a 
signal, any particles that are formed will not contain a 
genome and therefore cannot proceed through subsequent rounds 
20 of infection. The specific type of vector will depend upon 
the intended application. The actual vectors are also known 
and readily available within the art or can be constructed by 
one skilled in the art using well-known methodology. 
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[0085] The recombinant vector can be administered in 
several ways. If viral vectors are used, for example, the 
procedure can take advantage of their target specificity and 
consequently, do not have to be administered locally at the 
5 diseased site. However, local administration can provide a 
quicker and more effective treatment. Administration can also 
be performed by, for example, intravenous or subcutaneous 
injection into the subject. Injection of the viral vectors 
into spinal fluid can also be used as a mode of 

10 administration, especially in the case of neuro-degenerative 
diseases. Following injection, the viral vectors will 
circulate until they recognize host cells with the appropriate 
target specificity for infection. 

[0086] An alternate mode of administration can be by direct 

15 inoculation locally at the site of the disease or pathological 
condition or by inoculation into the vascular system supplying 
the site with nutrients or into the spinal fluid. Local 
administration is advantageous because there is no dilution 
effect and, therefore, a smaller dose is required to achieve 

20 expression in a majority of the targeted cells. Additionally, 
local inoculation can alleviate the targeting requirement 
required with other forms of administration since a vector can 
be used that infects all cells in the inoculated area. If 
expression is desired in only a specific subset of cells 
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within the inoculated area, then promoter and regulatory 
elements that are specific for the desired subset can be used 
to accomplish this goal. Such non-targeting vectors can be, 
for example, viral vectors, viral genome, plasmids, phagemids 
5 and the like. Transfection vehicles such as liposomes can 
also be used to introduce the non-viral vectors described 
above into recipient cells within the inoculated area. Such 
transfection vehicles are known by one skilled in the art. 
[0086] The pharmaceutical compositions containing the 

10 active ingredients of the present invention as described 

hereinabove are administered and dosed in accordance with good 
medical practice, taking into account the clinical condition 
of the individual patient, the site and method of 
administration, scheduling of administration, patient age, 

15 sex, body weight and other factors known to medical 

practitioners. The pharmaceutically "effective amount" for 
purposes herein is thus determined by such considerations as 
are known in the medical arts. The amount must be effective 
to achieve improvement including but not limited to improved 

20 survival rate or more rapid recovery, or improvement or 

elimination of symptoms and other indicators as are selected 
as appropriate measures by those skilled in the medical arts. 
The pharmaceutical compositions can be combinations of the 
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active ingredients but will include at least one active 
ingredient . 

[0088] In the method of the present invention, the 
pharmaceutical compositions of the present invention can be 
5 administered in various ways taking into account the nature of 
compounds in the pharmaceutical compositions. It should be 
noted that they can be administered as the compound or as a 
pharmaceutically acceptable salt and can be administered alone 
Jrj or as an active ingredient in combination with 

2 10 pharmaceutically acceptable carriers, diluents, adjuvants and 

I 5.1 

fYj vehicles. The compounds can be administered orally, 

w 

subcutaneously or parenterally including intravenous, 
intraarterial, intramuscular, intraperitoneally, and 
intranasal administration as well as intrathecal and infusion 
15 techniques. Implants of the compounds are also useful. The 
patient being treated is a warm-blooded animal and, in 
particular, mammals including man. The pharmaceutically 
acceptable carriers, diluents, adjuvants and vehicles as well 
as implant carriers generally refer to inert, non-toxic solid 
20 or liquid fillers, diluents or encapsulating material not 
reacting with the active ingredients of the invention. 

[0089] It is noted that humans are treated generally longer 
than the mice or other experimental animals exemplified herein 
which treatment has a length proportional to the length of the 
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disease process and drug effectiveness. The doses may be 
single doses or multiple doses over a period of several days, 
but single doses are preferred. 

[0090] When administering the compound of the present 
5 invention parenterally, it will generally be formulated in a 
unit dosage injectable form (solution, suspension, emulsion) . 
The pharmaceutical formulations suitable for injection include 
sterile aqueous solutions or dispersions and sterile powders 
for reconstitution into sterile injectable solutions or 
10 dispersions. The carrier can be a solvent or dispersing 

medium containing, for example, water, ethanol, polyol (for 
example, glycerol, propylene glycol, liquid polyethylene 
glycol, and the like) , suitable mixtures thereof, and 
vegetable oils. 

15 [0091] Proper fluidity can be maintained, for example, by 

the use of a coating such as lecithin, by the maintenance of 
the required particle size in the case of dispersion and by 
the use of surfactants. Non-aqueous vehicles such a 
cottonseed oil, sesame oil, olive oil, soybean oil, corn oil, 

20 sunflower oil, or peanut oil and esters, such as isopropyl 
myristate, may also be used as solvent systems for compound 
compositions. Additionally, various additives which enhance 
the stability, sterility, and isotonicity of the compositions, 
including antimicrobial preservatives, antioxidants, chelating 
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agents, and buffers, can be added. Prevention of the action 
of microorganisms can be ensured by various antibacterial and 
antifungal agents, for example, parabens, chlorobutanol , 
phenol, sorbic acid, and the like. In many cases, it will be 
5 desirable to include isotonic agents, for example, sugars, 
sodium chloride, and the like. Prolonged absorption of the 
injectable pharmaceutical form can be brought about by the use 
of agents delaying absorption, for example, aluminum 
y monostearate and gelatin. According to the present invention, 

?2 10 however, any vehicle, diluent, or additive used would have to 
5=1 be compatible with the compounds. 

u 

s [0092] Sterile injectable solutions can be prepared by 

LU incorporating the compounds utilized in practicing the present 

31 invention in the required amount of the appropriate solvent 

~J 15 with various of the other ingredients, as desired. 

[0093] A pharmacological formulation of the present 
invention can be administered to the patient in an injectable 
formulation containing any compatible carrier, such as various 
vehicles, adjuvants, additives, and diluents; or the compounds 
20 utilized in the present invention can be administered 

parenterally to the patient in the form of slow-release 
subcutaneous implants or targeted delivery systems such as 
monoclonal antibodies, vectored delivery, iontophoretic, 
polymer matrices, liposomes, and microspheres. Examples of 
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delivery systems useful in the present invention include: 
5,225,182; 5,169,383; 5,167,616; 4,959,217; 4,925,678; 
4,487,603; 4,486,194; 4,447,233; 4,447,224; 4,439,196; and 
4,475,196. Many other such implants, delivery systems, and 
5 modules are well known to those skilled in the art. 

[0094] A pharmacological formulation of the compound 
utilized in the present invention can be administered orally 
to the patient. Conventional methods such as administering 
the compounds in tablets, suspensions, solutions, emulsions, 
10 capsules, powders, syrups and the like are usable. Known 

techniques that deliver the pharmacological formulation orally 
or intravenously and retain the biological activity are 
preferred. 

[0095] In one embodiment, the compound of the present 
15 invention can be administered initially by intravenous 

injection to bring blood levels to a suitable level. The 
patient's levels are then maintained by an oral dosage form, 
although other forms of administration, dependent upon the 
patient 1 s condition and as indicated above, can be used. The 
20 quantity to be administered will vary for the patient being 
treated and will vary from about 100 ng/kg of body weight to 
100 mg/kg of body weight per day and preferably will be from 
10 ug/kg to 10 mg/kg of body weight per day. 
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[0096] The present invention also provides a method of 
diagnosing the presence of ischemia in a patient including the 
steps of analyzing a bodily fluid or tissue sample from the 
patient for the presence or gene product of at least one 
5 expressed gene (up-regulated) as set forth in the group 

comprising SEQ ID NO:l; SEQ ID NO: 2; SEQ ID NO: 3; SEQ ID NO: 4; 
SEQ ID NO: 5; and SEQ ID NO: 6 or proteins as set forth in SEQ 
ID NOs:7-ll and where ischemia is determined if the up- 
regulated gene or gene product is ascertained as described 

10 herein in Example 1. Examples 2-6 provide further 

experimental evidence for the diagnostic utility predicted in 
the present specification, i.e., that diagnosis of hypoxia or 
ischemia may be performed by identifying overexpression of 
gene RTP801. Example 7 provides further experimental evidence 

15 for the diagnostic utility of the antibodies predicted in the 
present specification, i.e., that diagnosis of hypoxia or 
ischemia may be performed by using antibodies to the proteins 
of the invention. 

[0097] The bodily fluids may include tears, serum, urine, 

20 sweat or other bodily fluid where secreted proteins from the 
tissue that is undergoing an ischemic event may be localized. 
Additional methods for identification of the gene or gene 
product that can be used are immunoassays, such as ELISA or 
radioimmunoassays (RIA) , which are known to those in the art 
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particularly to identify gene products in the samples. 
Immunohistochemical staining of tissue samples is also 
utilized for identification* Available immunoassays are 
extensively described in the patent and scientific literature. 
5 See, for example, United States patents 3,791,932; 3,839,153; 
3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262; 
3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074; 
4,098,876; 4,879,219; 5,011,771 and 5,281,521. Further, for 
identification of the gene, in situ hybridization, Southern 

10 blotting, single strand conformational polymorphism, 
restriction endonuclease fingerprinting (REF) , PCR 
amplification and DNA-chip analysis using nucleic acid 
sequence of the present invention as primers can be used. 
[0098] The above discussion provides a factual basis for 

15 the use of genes to regulate hypoxia and ischemia and thereby 
also apoptosis and angiogenesis . The methods used with and 
the utility of the present invention can be shown by the 
following non-limiting examples and accompanying figures. 
EXAMPLE 1 

20 METHODS : 

[0099] Most of the techniques used in molecular biology are 
widely practiced in the art, and most practitioners are 
familiar with the standard resource materials that describe 
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specific conditions and procedures. However, for convenience, 
the following paragraphs may serve as a guideline. 

[0100] General Methods in Molecular Biology: Standard 
molecular biology techniques known in the art and not 
5 specifically described were generally followed as in Sambrook 
et al (1989), and in Ausubel et al (1989) particularly for the 
Northern analysis and in situ analysis and in Perbal, A 
Practical Guide to Molecular Cloning, John Wiley & Sons, New 
York (1988), and in Watson et al . Polymerase chain reaction 
tl 10 (PCR) was carried out generally as in PCR Protocols: A Guide 
To Methods And Applications (1990) . 

[0101] Reactions and manipulations involving other nucleic 
acid techniques, unless stated otherwise, were performed as 
generally described in Sambrook et al (1989), and methodology 
15 as set forth in United States patents 4,666,828; 4,683,202; 

4,801,531; 5,192,659 and 5,272,057 and incorporated herein by 
reference . 

[0102] Additionally, in situ (in cell) PCR in combination 
with flow cytometry can be used for detection of cells 
20 containing specific DNA and mRNA sequences (Testoni et al, 
1996) . 

[0103] General methods in immunology: Standard methods in 
immunology known in the art and not specifically described are 
generally followed as in Stites et al (1994) and Mishell et al 
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(1980) . Available immunoassays are extensively described in 
the patent and scientific literature. See, for example, 
United States patents 3,791,932; 3,839,153; 3,850,752; 
3,850,578; 3,853,987; 3,867,517; 3,879,262; 3,901,654; 
5 3,935,074; 3,984,533; 3,996,345; 4,034,074; 4, 098, 876; 

4,879,219; 5,011,771 and 5,281,521 as well as Sambrook et al 
(1989) . 

Differential Analysis 
•M [0104] For example C6 glioma cells or other appropriate 

£7 10 cells, cell lines or tissues are grown under normal conditions 
jVj (Normoxia) or under oxygen deprivation conditions (Hypoxia) 

i s i 

6 generally for four to sixteen hours. The cells are harvested 

yj and RNA is prepared from the cytoplasmic extracts and from the 

Sj nuclear fractions. Following the extraction of RNA, 

15 fluorescent cDNA probes are prepared. Each condition (for 
example 4 hours hypoxia and normoxia) is labeled with a 
different fluorescent dye. For example a probe can be 
composed of a mixture of Cy3 -dCTP cDNA prepared from RNA 
extracted from hypoxic cells and with Cy5-dCTP cDNA prepared 
20 from RNA extracted from normoxic cells. The probes are used 
for hybridization to micro-array containing individually 
spotted cDNA clones derived from C6 cells that were exposed to 
hypoxia. Differential expression in measured by the amount of 
fluorescent cDNA that hybridizes to each of the clones on the 
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array. Genes that are up-regulated under hypoxia will have 
more fluorescence of Cy3 than Cy5 . The results show genes 
that are transcriptionally induced mRNA species that respond 
very fast to hypoxia. 
5 Differential Display: 

[0105] Reverse Transcription : 2 jig of RNA are annealed 
with 1 pmol of oligo dT primer (dT)i 8 in a volume of 6.5 pi by 
heating to 70°C for five minutes and cooling on ice. 2 \il 
g reaction buffer (x5) , 1 ]il of 10 mM dNTP mix, and 0.5 jil of 

f; 10 Superscript II reverse transcriptase (GibcoBRL) is added. The 
jjj reaction is carried out for one hour at 42°C. The reaction is 

r stopped by adding 70 pi TE (10 mM Tris pH=8; 0 . 1 mM EDTA) . 

yj [0106] Oligonucleotides Used for Differential Display : The 

01 oligonucleotides are generally those described in the Delta 

Hi 15 RNA Fingerprinting kit (Clonetech Labs. Inc.). 
Amplification Reactions: 

[0107] Each reaction is performed in 20 ]il and contains 50 
]oM dNTP mix, 1 pM from each primer, lx polymerase buffer, 1 
unit expand Polymerase (Boehringer Mannheim), 2 jiCi [cx- 32 P]dATP 
20 and 1 pi cDNA template. Cycling conditions are generally: 

three minutes at 95°C, then three cycles each of two minutes 
at 94°C, five minutes at 40°C, five minutes at 68°C. This is 
followed by 27 cycles of one minute each at 94°C, two minutes 
at 60°C, two minutes at 63°C. Reactions were terminated by a 
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seven-minute incubation at 68 °C and addition of 20 jil 
sequencing stop solution (95% formamide, 10 mM NaOH, 0*025% 
bromophenol blue, 0.025% xylene cyanol) . 
Gel analysis: 

5 [0108] Generally 3-4 ]il are loaded onto a 5% sequencing 

polyacrylamide gel and samples are electrophoresed at 2000 
volts/40 milliamperes until the slow dye (xylene cyanol) is 
about 2 cm from the bottom. The gel is transferred to a 
filter paper, dried under vacuum and exposed to x-ray film. 

10 Recovery of Differential Bands: 

[0109] Bands showing any differential between the various 
pools are excised out of the dried gel and placed in a 
microcentrifuge tube. 50 p.1 of sterile H 2 0 are added and the 
tubes heated to 100°c for five minutes. 1 ]il is added to a 

15 49 pi PCR reaction using the same primers used for the 

differential display and the samples are amplified for 30 
cycles each of one minute at 94°C, one minute at 60°C and one 
minute at 68°C. 10 jil is analyzed on agarose gel to visualize 
and confirm successful amplification. 

20 Representational Difference Analysis 

[0110] Reverse Transcription : as above but with 2 ]ig 
polyA+ selected mRNA. 

[0111] Preparation of Double Stranded cDNA : cDNA from the 
previous step is treated with alkali to remove the mRNA, 
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precipitated and dissolved in 20 pi H 2 0 . 5 pi buffer f 2 pi 10 
mM dATP, H 2 0 to 48 jil and 2 pi terminal deoxynucleotide 
transferase (TdT) are added. The reaction is incubated 2-4 
hours at 37°C. 5 pi oligo dT (1 pg/pl) were added and 
incubated at 60 °C for five minutes. 5 pi 200 mM DTT, 10 pi 
lOx section buffer (100 mM Mg Cl 2 , 900 mM Hepes, pH 6.6) 16 pi 
dNTPs (1 mM) , and 16 U of Klenow are added and the mixture 
incubated overnight at room temperature to generate ds cDNA. 
100 pi TE is added and extracted with phenol/chloroform. The 
DNA is precipitated and dissolved in 50 pi H 2 0. 
Generation of Representations: 

[0112] cDNA with DpnII is digested by adding 3 ]il DpnII 
reaction buffer 20 V and DpnII to 25 pi cDNA and incubated 
five hours at 37°C. 50 p.1 TE is added and extracted with 
phenol/chloroform. cDNA is precipitated and dissolved to a 
concentration of 10 ng/pl. 

[0113] Driver : L2 |ig DpnII digested cDNA, 4 \il from each 
oligo and 5 pi ligation buffer xlO, are annealed at 60°C for 
ten minutes. 2 ]il ligase is added and incubated overnight at 
16°C. The ligation mixture' is diluted by adding 140 pi TE . 
Amplification is carried out in a volume of 200 pi using 
appropriate primer and 2 pi ligation product and repeated in 
twenty tubes for each sample. Before adding Taq DNA 
polymerase, the tubes are heated to 72 °C for three minutes. 



PCR conditions are as follows: five minutes at 72 °C, twenty 
cycles of one minute each at 95°C and three minutes at 72°C, 
followed by ten minutes at 72°C. 

[0114] Every four reactions were combined, extracted with 
5 phenol/chloroform and precipitated. Amplified DNA is 

dissolved to a concentration of 0.5ug/jil and all samples are 
pooled. 

[0115] Subtraction: Tester DNA (20 jig) is digested with 
Dpnll as above and separated on a 1.2% agarose gel. The DNA 

10 is extracted from the gel and 2 ]ig ligated to the appropriate 
oligos. The ligated Tester DNA is then diluted to 10 ng/pl 
with TE. Driver DNA is digested with Dpnll and repurified to 
a final concentration of 0.5 ug/pl . Mix 40 jig of Driver DNA 
with 0.4 ]ig of Tester DNA. Extraction is carried out with 

15 phenol/chloroform and precipitated using two washes with 70% 
ethanol, resuspended DNA in 4 \il of 30 mM EPPS pH=8.0, 3 raM 
EDTA and overlaid with 35 ]il mineral oil. Denature at 98 °C 
for five minutes, cool to 67 °C and add 1 pi of 5M NaCl to the 
DNA. Incubate at 67 °C for twenty hours. Dilute DNA by adding 

20 400 ]il TE. 

[0116] Amplification : Amplification of subtracted DNA in a 
final volume of 200 jalis performed as follows: Buffer, 
nucleotides and 20 |al of the diluted DNA are added, heated to 
72 °C, and Tag DNA polymerase added. Incubate at 72 °C for five 



- 51 - 



9 



minutes and add appropriate oligo. Ten cycles each of one 
minute at 95°C, three minutes at 70°C are performed. Incubate 
ten minutes at 72°C. The amplification is repeated in four 
separate tubes. The amplified DNA is extracted with 
5 phenol/chloroform, precipitated and all four tubes combined in 
4 0 pi 0.2xTE, and digested with Mung Bean Nuclease as follows: 
To 20 Jill DNA 4 1 buffer, 14 ]il H 2 0 and 2 pi Mung Bean Nuclease 
(10 units/pl) added. Incubate at 30°C for thirty-five minutes 
+ First Differential Product (DPI) . 

10 [0117] Repeat Subtraction Hybridization and PCR 

Amplification at Driver: Differential ratio of 1:400 (DPII) 
and 1:40,000 (DPIII) using appropriate oligonucleotides. 
Differential products are then cloned into a Bluescript vector 
at the BAM HI site for analysis of the individual clones. 

15 DIFFERENTIAL EXPRESSION USING GENE EXPRESSION MICRO-ARRAY 

[0118] Messenger RNA isolated as described hereinabove is 
labeled with fluorescent dNTP's using a reverse transcription 
reaction to generate a labeled cDNA probe. mRNA is extracted 
from C6 cells cultured in normoxia conditions and labeled with 

20 Cy3-dCTP (Amersham) and mRNA extracted from C6 cells cultured 
under hypoxia conditions is labeled with Cy5-dCTP (Amersham) . 
The two labeled cDNA probes are then mixed and hybridized onto 
a microarray (Schena et al, 1996) composed of, for example, 
2000 cDNA clones derived from a cDNA library prepared from C6 
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cells cultured under hypoxic conditions. Following 
hybridization, the microarray is scanned using a laser scanner 
and amount of fluorescence of each of the fluorescent dyes is 
measured for each cDNA clone on the micro-array, giving an 
5 indication of the level of mRNA in each of the original mRNA 
populations being tested. Comparison of the fluorescence on 
each cDNA clone on the micro-array between the two different 
fluorescent dyes is a measure for the differential expression 
of the indicated genes between the two experimental 

10 conditions. 

IN SITU ANALYSIS 

[0119] In situ analysis is performed for the candidate 
genes identified by the differential response to exposure to 
hypoxia conditions as described above. The expression is 

15 studied in two experimental systems: solid tumors and hypoxic 
retina . 

[0120] Solid tumors are formed by injections in mice of the 
original glioma cells used for the differential expression. 
The glioma cells form tumors which are then excised, sliced 
20 and used to individually measure expression levels of the 

candidate gene. The solid tumor model (Benjamin et al, 1997) 
shows that the candidate gene 1 s expression is activated in 
tumors around the hypoxic regions that are found in the center 
of the tumor and are therefore hypoxia-regulated in vivo. Up 
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regulation indicates further that the up-regulated gene can 
promote angiogenesis that is required to sustain tumor growth. 

[0121] The hypoxia retina model measures expression levels 
in an organ that is exposed to hypoxia (ischemia) and directly 
5 mimics retinopathy. Hypoxia in the retina is created by 

exposing newborn rats to hyperoxia which diminishes the number 
of blood vessels in the retina (Alon et al, 1995) . Upon 
transfer to normal oxygen levels, relative hypoxia is formed 

0 due to the lack of blood supply. The hypoxic retina is 

£j 10 excised, sliced and used to monitor the expression of the 

f s s 

ri candidate genes. 

^ RESULTS 

jTj [0122] Utilizing gene expression microarray analysis the 

01 genes set forth in SEQ ID NOs:l-6 were identified as being 
V 15 differentially expressed under hypoxia conditions. 

[0123] As shown in the figures, differential expression 
under hypoxia conditions was observed. Northern analysis was 
performed with 32 P-dCTP labeled probes derived from the 
candidate genes. Two micrograms of mRNA were fractionated on 
20 formaldehyde-containing agarose gels, blotted onto a 

nitrocellulose membrane and hybridized to the labeled cDNA 
probes. To monitor the kinetics of expression as a result of 
hypoxia, mRNA was prepared from cells in normoxia, and 4 and 
16 hours exposure to hypoxia conditions. The results of the 
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analysis showed that all the genes (SEQ ID N0s:l-6) were 
induced by hypoxic conditions, confirming the results obtained 
by the gene expression microarray analysis. 

[0124] In the in situ analysis using the solid tumor model 
5 SEQ ID NOs:l-6 were up-regulated, that is expressed. In the 
retina model SEQ ID NOs:l, 2 and 6 were found to be up- 
regulated. 

[0125] SEQ ID NO:l (RTP801) is the rat homolog of SEQ ID 
NO:2 (human RTP779) . The protein sequences are SEQ ID NO:9 

10 and SEQ ID NO: 10 respectively. Neither of these genes has 

been reported in gene databases and both are expressed under 
hypoxic stress and are up-regulated in both of the in situ 
analyses. The expression of this gene was observed in the 
ovary where active apoptosis was occurring. Its regulation is 

15 HIF-1 dependent (Carmeliet et al, 1998) indicating further 
that the gene is associated with hypoxia-induced apoptosis. 
Some homology was found between the 3 T UTR of RTP8 01 and the 
5 T UTR of a transcription factor (rat) pet-1 (Carmeliet et al, 
1998; Spence et al, 1998; Fyodorov et al, 1998) . 

20 [0126] SEQ ID NO : 3 (RTP241) is 1902 bp long, has not been 

reported in gene data bases and is expressed under hypoxic 
stress and up-regulated in both in situ analyses. The gene 
sequence has some homology with a yeast gene located upstream 
to the coxl4 gene. The protein (SEQ ID NO: 7) coded by the 
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sequence contains a signal peptide region and therefore is 
secreted. 

[0127] SEQ ID NO: 4 (RTP220) is 4719 bp long, has not been 
reported in gene databases and is expressed under hypoxic 
stress and up-regulated in the tumor in situ analysis. The 
gene sequence has some homology with annilin from Drosophila. 
The protein sequence is set forth in SEQ ID NO: 11. 

[0128] SEQ ID NO: 5 (RTP953/359) is a partial gene sequence 
that has not been found in gene databases and is expressed 
under hypoxic stress and up-regulated in both in situ 
analyses . 

[0129] SEQ ID NO: 6 (RTP971) is expressed under hypoxic 
stress and up-regulated in the tumor in situ analysis. The 
original analysis used the rat sequence. SEQ ID NO: 6 is the 
human homolog and has greater than 90% homology with the rat 
sequence. Based on preliminary sequence analysis it appears 
to be the gene Neuroleukin or a member of that gene family. 
The gene has not been reported to be responsive to hypoxia 
conditions and is reported to be a new motility factor for 
astrocytes. The reported gene encodes a protein (SEQ ID NO: 8, 
human homolog) that is identified as a glycolytic enzyme 
phosphohexose isomerase and as a survival factor for neurons 
(Niinaka et al, 1998; Watanabe et al, 1996) . 



[0130] Astrocyte motility is an important factor in the 
formation of blood vessels (angiogenesis) in brain and retina* 
Astrocytes can be considered oxygen level sensors as they 
respond under hypoxic conditions by secretion of angiogenic 
5 factors like WEGF. In an experiment primary astrocyte 

cultures were established and grown in vitro without serum and 
the astrocytes were immobile. However when conditioned medium 
from retinal cultures cultured under hypoxic conditions was 
added to the astrocyte cultures motility was observed. If the 

10 neuroleukin inhibitor (Obese et al, 1990) , D-erythrose 4- 
phosphate (at 1.25 mM) was added clear indications of 
inhibition of motility were observed in the astrocyte 
cultures, indicating that the astrocyte motility (and 
stellation) was dependent on neuroleukin activity. Other 

15 results show that SEQ ID NO: 6 is also HIF-1 dependent 

indicating further that the gene is associated with hypoxia- 
induced angiogenesis and apoptosis. 

EXAMPLE 2: RTP8Q1 is a p5 3 - Independent , HIF-1 -Responsive Gene 

[0131] This experiment was performed to clarify the HIF-1 
20 dependence of the RTP801/RTP779 gene orthologs and their 
independence of p53. 

[0132] The kinetics of RTP801 response to hypoxia, as 
detected by microarray hybridization, resembled that of known 
HIF-1 targets, VEGF and glycolytic enzymes. This raised the 
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possibility that RTP801 is an HIF-l-dependent gene as well. 
To test this hypothesis, we compared RTP801 mRNA induction by 
hypoxia in wild type and in HIF-la -/-mouse embryonic stem 
(ES) cells (Carmeliet et al, 1998) . As evident from Figure 
5 6A, unlike normal ES cells that displayed strong hypoxic 
stimulation of RTP801, the HIF-la -/- ES cells failed to 
induce the RTP801 expression under similar conditions. This 
suggests that at least in ES cells, hypoxia-dependent 
stimulation of RTP801 is under the control of HIF-la. 

10 [0133] To further confirm the HIF-1 dependence of RTP801, 

we tested whether its expression can be triggered by 
alternative stimuli known to activate the HIF-1 response. It 
was recently shown that treatment of cells with H 2 0 2 is 
sufficient to promote HIF-1 stabilization (Chandel et al, 

15 2000). Iron chelators, ile., DFO, have also been shown to 

activate an hypoxia stress response pathway via HIF-1 (Zaman 
et al, 1999) . As expected, the addition of either H 2 0 2 or DFO 
to cells of various types elicited a rapid and strong up- 
regulation of RTP801. 

20 [0134] HIF-1 .stimulates transcription of its target genes 

by binding to a distinct nucleic acid motif named hypoxia 
responsive element (HRE) . The putative regulatory regions 
immediately upstream of the first exons of mouse and human 
RTP801 orthologs were searched for the presence of HRE(s), 
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using the Genomatix software. A mouse genomic clone was 
obtained from a mouse genomic A phage library, while a human 
genomic clone containing the 5' flanking region of RTP801 was 
identified by a database search (Acc AC006186) . The HRE 
5 consensus sequence was previously described as either 5'- 

(G/C/T)ACGTGC (G/C) -3' (Liu et al, 1995) or 5'-RCGTG-3' (Wang 
et al, 1995) . In both mouse and human DNA, three positionally 
conserved short HRE consensus motifs were detected within the 
3 1000 bp preceding the first ATG codon (Figure 6B) . However, 

i 

* 10 only one of them, located at positions -422 and -450 of human 

I and mouse DNA, respectively, fit the extended consensus. 

' Several additional potential HRE sites (the short consensus) 

I were found within the more distant upstream region, but our 

; data indicated that their positions were not conserved between 

I 15 mouse and human DNA. 

[0135] To establish the direct involvement of HIF-1 in 
regulation of RTP801 transcription under hypoxic conditions, 
we performed electrophoretic mobility shift assays (EMSA) with 
the oligonucleotide containing the extended HRE consensus 
20 sequence derived from the mouse RTP801 promoter region (nt - 
454 to - 434) - RTP801-HRE. A known HIF-1 binding 
oligonucleotide derived from the transferrin receptor gene 
promoter (TR-HRE) (Lok et al, 1999) and RTP801-specif ic 
oligonucleotide with the mutated core HRE sequence (RTP801- 
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MHRE) were used as positive and negative controls, 

3 2 

respectively. As evident from Figure 6C, addition of P- 
labeled TR-HRE oligonucleotide to nuclear extract of ES cells 
cultured under hypoxic conditions resulted in formation of two 
5 major complexes, A and B (lane 1) . Two similarly migrating 

complexes were formed when RTP801-specif ic oligonucleotide was 
added to the same nuclear extract (lane 3); however, formation 
of complex A was abolished when RTP801-MHRE was used (lane 
q 10), indicating the dependence of complex A on the presence of 

10 HRE core sequences. Formation of complex A was also inhibited 
W when RTP801 radiolabeled probe was added to the nuclear 

W extract from ES cells cultured in normoxic conditions (lane 2) 

B or to nuclear extracts from HIF-lot -/- ES cells, regardless of 

fc{ whether they were maintained in hypoxia or normoxia (lanes 4 

fjj 15 and 5, respectively) . These results suggest that complex A is 
hypoxia-dependent and potentially contains HIF-lot. The 
specificity of formation of complex A on RTP8 01-HRE is proven 
by its competitive inhibition with an excess of the same non- 
labeled oligonucleotide (lane 6), while competitive inhibition 
20 with an excess of cold TR-HRE (lane 7), a known HIF-l-binding 
sequence, further supports the proposition that complex A 
formed with RTP8 01-HRE is HIF-l-dependent . 

[0136] We next performed a supershift analysis of the 
observed complexes using the anti-HIF-la antibodies. Their 
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addition to the binding reaction with the radiolabeled RTP801- 
HRE resulted in a complete supershift of complex A (lane 8) 
whereas non-specific anti-Flag antibodies did not influence 
the mobility of any of the observed complexes (lane 9) . 
Thus, the EMSA and supershift analyses have proven that 
hypoxia regulation of RTP801 is mediated via direct binding of 
HIF-la-containing transcription complexes to its promoter. 

[0137] p53 is known to be stabilized by forming a physical 
complex with HIF-1 (An et al, 1998) and to mediate HIF-1- 
dependent hypoxia-induced delayed neuronal death (Halterman et 
al, 1999) . Therefore, we assessed whether hypoxic regulation 
of RTP801 is also p53-dependent . For this, we analyzed the 
response of RTP801 to hypoxia in several p53-negative (SC0V3, 
H1299, PC3) and p53-positive (MCF7, HT1080) cell lines. The 
results clearly indicate that hypoxic regulation of RTP801 is 
preserved regardless of the p53 status of the cells. An 
example of p53-independent activation of RTP801 transcription 
by hypoxia in H1299 cells is shown in Figure 6D. Moreover, 
known p53-activating stimuli, like doxorubicin (Figure 6D, 
lanes labeled "D") failed to enhance the expression of RTP801. 
Results of similar experiments showed that UV and y-irradiation 
also failed to enhance the expression of RTP801. Thus, while 
hypoxic regulation of RTP801 is HIF-1 dependent, it appears to 
be p53-independent . 



# 



[0138] The following conclusions can be drawn from this 
example. RTP801 is HIF-1 dependent. Focal areas of low 
oxygen tension (<2.0% 0 2 ) are inherent to the biological 
processes of embryogenesis, wound repair, and carcinogenesis 
5 (Brown et al, 1998; Genbacev et al 1997; LaVan et al, 1990) • 
A state of diminished free oxygen availability results when 
regional growth demands exceed the oxygen supply of the 
capillary bed (Brown et al, 1998) . Under such conditions, an 
oxygen-sensing mechanism activates a transcription factor 
J 10 known as hypoxia-inducible factor-1 (HIF-1) . The latter, in 
yj turn, switches on a series of genes participating in 

UJ compensatory mechanisms that support the cell survival in a 

Cl potentially lethal microenvironment. One group of HIF-1 

J;i target genes involved in the adaptive response facilitates 0 2 

~\ 15 delivery to oxygen-deprived tissues. It includes 

erythropoietin (stimulates production of erythrocytes) ; heme 
oxygenase 1 (mediates 0 2 binding to heme) ; vascular endothelial 
growth factor (triggers new vasculature formation) ; and 
inducible nitric oxide synthase (participates in local blood 
20 vessel dilation) (Semenza and Wang, 1992; Levy et al . , 1995, 
Liu et al., 1995, Melillo et al • , 1995; Lee et al., 1997). 
Another group of HIF-l-dependent genes acts to compensate for 
the inhibition of oxidative phosphorylation due to the lack of 
oxygen. It includes genes coding for glycolytic enzymes 
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(i.e., lactate dehydrogenase, phosphoglyceromutase and others) 
and for glucose transporters (i.e., Glutl) (Firth et al . , 
1993; Semenza et al . , 1994; Firth et al, 1994). Prolonged 
oxygen deprivation is detrimental for cells and may result in 
their death either through apoptotic or through necrotic 
mechanisms (reviewed in Lipton, 1999) . Paradoxically, like 
the adaptive response to hypoxia, the hypoxia-dependent 
apoptosis was also shown to be HIF-l-dependent . Cells with 
genetically deleted HIF-la were found to be resistant to 
hypoxia-induced apoptosis (Carmeliet et al . , 1998), and HIF-la 
was shown to mediate hypoxia-induced delayed neuronal death in 
the model of stroke (Halterman et al . , 1999). While HIF-1- 
dependent genes participating in the adaptive response to 
hypoxia are widely characterized, genes mediating its 
proapoptotic function remain largely unknown. One of the 
proapoptotic genes, Nip3, was only recently characterized as 
HIF-l-dependent (Bruick, 2000) . Expression of RTP801 can be 
triggered by alternative stimuli known to activate the HIF-1 
response, e.g., H 2 0 2 or DFO, an iron chelator. Possibly 
functional hypoxia responsive elements (HRE) have been located 
in both mouse and human DNA upstream to the RTP8 01 gene 
orthologs. Electrophoretic mobility shift assays and 
competitive inhibition experiments support the suggestion that 
a transcription complex formed at RTP801-HRE contains HIF-1. 
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In addition, despite the fact that p53 is known to form a 
complex with HIF-1 and to be stabilized in this complex, 
results clearly indicate that hypoxic regulation of RTP801 is 
independent of p53 regulation. This evidence of HIF-1 
dependence supports the association of the gene and its gene 
product with hypoxia and ischemia. 

Example 3: Inducible Expression of RTP8Q1 in Neuron-Like, 

Differentiated PC12 Cells Promotes Their Apoptosis 
and Sensitizes Them to Hypoxia- and H 2 p2-Triggered 
Cell Death 

[0139] This experiment was performed to clarify the results 
of inducible expression of RTP801 on non-dividing, neuronal 
cells and to further understand the correlation of RTP801 
expression and apoptosis in such cells. 

[0140] In light of the fact that up-regulation of 
endogenous RTP801 was observed in hypoxic neurons in vivo, we 
tested the influence of inducible expression of RTP801 on non- 
dividing neuron-like differentiated PC12 cells. A PC12- 
derived cell line expressing RTP801 under the control of a 
tetracycline-repressible promoter was generated. To promote 
neuronal differentiation, cells were treated with NGF (nerve 
growth factor) for five days in the presence of tetracycline. 
As a result, almost all the cells displayed the typical 
flattened morphology and outgrowth of processes. Seventy- two 
(72) hours after tetracycline removal, the cells were 
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subjected to hypoxia/glucose deprivation or H 2 0 2 treatments and 
the apoptotic response was evaluated after an additional 24 
hours by measuring the LDH release (Figure 7), Neutral Red 
uptake and appearance of apoptotic cells by staining the cell 
cultures with Apopercentage™ dye. Differentiated PC12 cells 
expressing exogenous RTP801 were significantly more sensitive 
to hypoxia and H 2 0 2 compared to their control counterparts 
(Figure 7) . Moreover, induction of RTP801 expression by 
tetracycline removal was by itself sufficient to elicit the 
death response in these cells. Since RTP801-mediated 
cytotoxicity was completely abolished by addition of 
pancaspase inhibitor Boc-D (OMe)-FMK (Figure 8), we concluded 
that induction of expression of RTP801 in differentiated PC12 
cells leads to apoptosis via activation of caspases. 

[0141] To test whether reduced concentration of serum may 
cause RTP801 to be proapoptotic, we transferred MCF7 and non- 
differentiated PC12 cells, in which expression of RTP801 was 
induced for 72 hours from the tetracycline-repressible 
promoter, into medium containing 0.1% serum. Remarkably, both 
MCF7 and PC12 cells that expressed exogenous RTP801 appeared 
much more sensitive to serum-deprivation than control cells 
(Figure 9) . 

[0142] Thus, under certain conditions, expression of RTP801 
may be detrimental to cells. Further experiments indicated 
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that, in differentiated PC12 cells, the sensitivity to UV 
irradiation appeared to be unaffected by RTP801 
overexpression . 

[0143] The following conclusions can be drawn from this 
example. In vitro, overexpression of RTP801 sensitizes 
differentiated, non-dividing neuronal cells to apoptosis 
induced by ischemia or oxidative stress. There is indication 
that induction of expression of RTP801 in at least one type of 
differentiated cell leads to apoptosis via activation of 
caspases . 

Example 4: Liposomal Delivery of RTP801 to Mouse Lungs Elicits 
Apoptosis of" Parenchymal Cells 

[0144] This experiment was performed to assess the 
effect (s) of acute overexpression of RTP801 in vivo and to 
better understand the connection between overexpression of 
this gene and apoptosis. Overexpression, in preliminary 
experiments, was accomplished by liposomal delivery of the 
gene to mouse lung. 

[0145] To assess the consequences of acute overexpression 
of RTP801 in vivo , cationic liposomes were used for the 
delivery of pcDNA3-RTP801 plasmid DNA into mouse lungs. Empty 
pcDNA3 vector and pcDNA3-p53 expression constructs served as 
negative and positive controls, respectively, for potential 
apoptotic response. Each of the three lipoplexes, containing 



50 [ig of plasmid DNA, was administered to 6 mice 
intravenously. Twenty-four (24) hours post-injection, the 
mice were sacrificed and their lungs removed for further 
evaluation. Northern blot analysis revealed high exogenous 
expression of RTP801 in RNA extracted from the lungs of 
pcDNA3-RTP801-inj ected mice but not in RNA from the lungs of 
control mice (Figure 10) . 

[0146] In order to assess apoptosis in situ the technique 
of DNA end labeling staining (TUNEL) was utilized. The assay 
was performed using ApopTag® Peroxidase In Situ Apoptosis 
Detection kit (Intergen Company, NY, USA), according to the 
manufacturer's protocol. Parallel paraffin sections of lung 
samples were processed for TUNEL staining. It was noted that 
lungs of mice injected with RTP801-liposomes contained a large 
number of TUNEL-positive cells. The severity of the apoptotic 
response was in direct correlation with the intensity of 
RTP801 hybridization signal. Mice injected with the empty 
vector were generally TUNEL-negative . Only few TUNEL-positive 
cells were evident in the lungs of mice injected with p53 
liposomes . 

[0147] The following conclusions can be drawn from this 
example. Plasmid DNA carrying RTP801 was successfully 
delivered to the lungs of living mice using liposomes. Under 
these conditions, high exogenous expression of RTP801 in RNA 
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extracted from lungs of experimental animals was observed, and 
was directly correlated with the severity of the accompanying 
apoptotic response. 

EXAMPLE 5: The Expression of RTP801 Is Induced in the MCAO 
5 Model of Brain Ischemia (Stroke) 

[0148] In this experimental system, MCAO (middle cerebral 

artery occlusion, a known animal model for the study of 

stroke) , was utilized to study ischemia-dependent temporal and 

rf : spatial patterns of RTP801 expression in cells of neuronal 

^ 10 origin in vivo. 

l.i [0149] To further assess the hypoxia-dependent temporal and 

|J spatial pattern of RTP801 expression in cells of neuronal 

p origin in vivo, we performed an in situ hybridization analysis 

O in sections derived from a widely used rat model of brain 

O 15 ischemia (stroke) produced by MCAO. The injury of brain 
tissue in stroke results from a combination of 
pathophysiological processes that develop both within the 
ischemic core and within the surrounding peri-infarction area 
(penumbra) (Dirnagl et al, 1999) . 
20 [0150] The stroke model was prepared in a spontaneously 

hypertensive rat strain (SHR) . A unilateral occlusion of the 
middle cerebral artery was accomplished using 

electrocoagulation. This led to a focal brain ischemia at the 
ipsilateral side of the brain cortex, leaving the 
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contralateral side intact (control) . Experimental animals 
were sacrificed 0.5, 1, 2, 12, 24, 48 and 72 hours after the 
operation (2 animals per time point) . The brains were 
removed, fixed in formalin, embedded in paraffin and coronal 
sections were prepared for further use in in situ 
hybridization with 35 S-UTP labeled rat RTP801-, c-fos- and 
VEGF-specif ic sense and antisense riboprobes . 

[0151] Rat RTP801 radioactive riboprobes were produced from 
the pBluescript-RTP801 vector (see above) using either T7 
3 10 (antisense probe) or T3 (sense probe) as previously described 

(Komarova et al, 2000) . In situ hybridization was performed 
Ui according to a previously published protocol (Faerman et al, 

Si 

U 1997) . The exposed slides were developed in Kodak D-19 

if developer, fixed in Kodak fixer and counterstained with 

~1 15 hematoxilin-eosin . The photomicrographs were taken using 
Zeiss Axioscop-2 microscope equipped with the Spot RT CCD 
camera (Diagnostic Instruments) . 

[0152] Coronal sections of rat brains fixed at different 
time points (from 30 minutes to 72 hours) after the MCAO 
20 procedure were prepared and were hybridized with the 35 S- 

labeled riboprobe complement to RTP801 mRNA. A c-f os-specif ic 
probe served as a positive control for delineation of the 
peri-infarction area at early time points following MCAO 
(Christensen et al 1993; Collaco-Moraes et al, 1994; 
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Honkaniemi et al, 1997) , while a VEGF-specif ic probe was used 
as a positive control for delineation of peri-infarction 
ischemic areas at later time points (Marti et al, 2000) . In 
control brain sections, the RTP801 riboprobe produced a low 
5 intensity signal in cells of neuronal and glial origin. 
Permanent MCAO led to a rapid (within 3 0 minutes) 
intensification of the RTP8 01-specif ic signal in the 
ipsilateral cortical regions, suggesting up-regulation of 

g RTP801 in response to stroke. The enhanced expression of 

C3 

u3 10 RTP801 in neuronal and glial cells within the injured 
W hemisphere was sustained at all analyzed post-insult time 

W points, although a certain spatial redistribution of the 

w hybridization signal was observed over the time course. 

[0153] At early post-occlusion time points (0.5-2 hrs), the 
jjj 15 RTP801-specif ic signal was localized within distant peri- 
infarction areas that also displayed a prominent expression of 
c-fos. Expression of VEGF at this time point was still not 
evident. Twenty-four hours after the MCAO procedure was 
performed, accumulation of RTP801 messenger RNA occurred in 
20 VEGF-positive areas of the injured brain. It was significant 
within the eosinophilic neurons at the very boundary of the 
ischemic core although, in more distant cortex areas, RTP801- 
positive neurons looked morphologically normal. At 48 and 72 
hours after the MCAO procedure, the RTP801-expressing neurons 
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did not display any evident signs of ischemic injury. In 
addition, expression of RTP801 could also be detected in 
endothelial cells within the necrotic zone. 

[0154] A complex expression pattern of RTP801 in the MCAO 
stroke model suggests that, in addition to hypoxia, its 
expression is regulated by other factors. 

[0155] The following conclusions can be drawn from this 
example. Permanent MCAO led to a rapid (within 30 minutes) 
intensification of the RTP801-specif ic signal in the 
ipsilateral cortical regions, suggesting up-regulation of 
RTP801 in response to brain ischemia (stroke). Furthermore, a 
complex expression pattern of RTP8 01 in the MCAO model 
suggests that, in addition to hypoxia, its expression is 
regulated by other factors. However, the presence of RTP801 
remains a valid diagnostic indicator of hypoxia. 

EXAMPLE 6: The Expression of RTP8Q1 in the MCAO Model of 
Stroke in Transgenic Mice 

[0156] This experiment details the production of transgenic 

mice expressing RTP801 under the control of constitutive (3- 

actin promoter. Mice with documented overexpression of RTP801 

in brain cortex were subjected to MCAO in order to monitor the 

effect of RTP801 overexpression in an in vivo model of 

ischemic disease. 



[0157] Transgenic FVBN mice, carrying RTP801, were bred for 
this series of experiments. Female RTP801 transgenic mice and 
their wild-type littermates, at 6-8 weeks of age, were both 
sham and MCAO operated. Twenty-four (24) hours following 
MCAO, brains were removed, fixed, and stained. Slices were 
prepared and imaged using a Spot Digital Camera. Analysis of 
infarct size in mouse brain was performed, using ^ImagePro- 
Plus" computer software. , 

[0158] Results demonstrate that RTP801-transgenic mice that 
overexpress exogenous RTP801 in brain cortex (Figure 11) 
display a dose-dependent increase of infarct size following 
MCAO, when compared to wild type mice (Figure 12) . 

[0159] The following conclusions can be drawn from this 
example. Following MCAO, transgenic mice overexpressing 
RTP801 in their cortex displayed significantly larger infarct 
size (both within the core and within penumbra regions) 
compared to normal counterparts. These transgenic mice which 
overexpress RTP801 are, therefore, more susceptible to stroke. 
Furthermore, the transgenic mice that have now been produced 
can be made available for research purposes, in order to more 
fully understand the role of RTP801 in the process and 
progress of the stroke event. 




EXAMPLE 7: Preparation of Rabbit Anti-RTP801 - Protein 
Antibodies and Western Blot Analysis Thereof 

[0160] Preparation of the Antibody : Rabbits were immunized 

against immunogen GST-801, using amino acids 1-230 of the 

5 protein (priming with 400 ug protein, followed by three boosts 

of 200 ]iq protein each) . The serum was absorbed on 

immobilized GST, followed by absorption on immobilized 

bacterial proteins. The total serum IgG was then obtained by 

purification with immobilized protein. 

10 [0161] Western Blot Analysis Using Rabbit Anti-RTP801 

Antibodies : PC12 cells were exposed to ischemia (0.5% 0 2 and 

5% C0 2 , in a glucose free medium), or H 2 0 2 (0.5 mM) for 4 and 

24 hours, or to the iron chelator deferoxamine mesylate (DFO) 

(300 ng/ml) for 5 and 8 hours. PC12, 8 01-tetracycline-induced 

15 clone 10 cells were grown for 72 hours either in the presence 

(10+T) or in the absence (10-T) of 1 ug/ml tetracycline. 

HEK293 cells were transiently transfected with RTP801 

expression plasmid as positive control. 

[0162] Whole cell protein extracts from the treated and 

20 control cells were prepared in RIPA lysis buffer (RIPA buffer: 

50 mM Tris-HCl, pH 7.4; 150 mM NaCl; 1% deoxycholate Na; 1% 

NP-40; 0.1% SDS, 100 pM PMSF; 1 pM pepstatin A; 1 uM E64) . 

The extracts were normalized for protein content, resolved on 

a 10% polyacrylamide-SDS gel and transferred to HybondP 

25 membrane (Amersham) . The uniformity of protein loading on the 
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gel was verified by subsequent Ponceau S staining of the 
membrane. The membrane was then blocked in PBS containing 10% 
milk and 0.1% Tween20 for 1 hour at room temperature and 
incubated with anti-RTP801 Ab at a concentration of 10 jig/ml 
5 for a further hour at room temperature in the same buffer. 
After washing, the membrane was incubated for 1 hour at 23°C 
with the second antibody (anti-rabbit IgG 0.2 yig/ml) 
conjugated to horseradish peroxidase. The blots were 

.S.-S3S 

Q processed using ECL-Plus Reagents (Amersham) according to the 

43 10 manufacturer's instructions. 

W [0163] Western analysis using 801 polyclonal antibody 

5 :: : 

kM revealed a specific 30-35 kD band with maximal expression 

s 

observed after 4 hr of ischemia (Figure 14) . In PC12 cells, 

; 5 

m with 801-tetracycline induced clone 10 grown in the absence of 

m 15 tetracycline (-Tet) , a band of exogenous expression was 

detected. Note that the band indicating expression of the 801 
gene in HEK293 cells transiently transfected with RTP801 
expression plasmid, runs at approximately 35 kD, slightly 
heavier than the band detected by the 801 antibody produced in 
20 PC12 cells, possibly due to differences in post-translational 
modification . 

[0164] Throughout this application, various publications, 
including United States patents, are referenced by author and 
year and patents by number. Full citations for the 
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publications are listed below. The disclosures of these 
publications and patents in their entireties are hereby 
incorporated by reference into this application in order to 
more fully describe the state of the art to which this 
5 invention pertains . 

[0165] The invention has been described in an illustrative 
manner, and it is to be understood that the terminology that 
has been used is intended to be in the nature of words of 
O description rather than of limitation. 

W.I 

^0 10 [0166] Obviously, many modifications and variations of the 

ii - 

W present invention are possible in light of the above 

yj teachings. It is, therefore, to be understood that within the 

H scope of the appended claims, the invention may be practiced 

JfJ otherwise than as specifically described. 

si 15 
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